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EFFECT OF MOISTURL CONTENI ON THE GRITICAI. IGNITION

ENERGIES OF SOME COMBUSTIBLE MATER IA I-S

By

H. Lt. BRUCE,, Chemist
Forest Products Laboratory-

l

Aand

W. L. FONS, Physicist

California Forest and Range Experiment Station-

Forest Service, U. 5. Departmeot of Agriculture

Introduction

4 The thermal radiation from a nuclear bomb is capable of igniting thin or finely
i divided combustible materials for a long distance around the center of explo-
4 sion (I through 8).! Paper, cloth, grasses, broad leaves, pine needles, win-

A dow shades, and excelsior are exampleu of kindling fuels that can be so ignited.
Materials differ in their ease of ignition by radiation for seve:ral reasons (9, 1),
one of which is moisture content.

The moisture content of organic materials varies with the temperature and
relative humidity of the air. Typical curves showing moisture content and
relative humidity conditions for several materials in equilibrium with their
surrounding atmosphere are plotted in figure 1 (11, 12). The thinner or more
finely divided the material, the more quickly does it reach moibtu:.e equilibrium.
Since the thin, fine materials are most easily ignited by radiation, it is impor -

jant to know the effect of moisture on the critical ignition energy, the minimum

-Maintained at Madison, Wis. , in cooperation with the University of Wisconsin

.Maintained at Berkeley, Calif., in cooperation with the University of Cali-

fornia.

!Underlined numbers in parentheses refer to literature cited at the end of this

report.
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thermal energy in calories per square centimeter required to ignite a particu-

lar material, for a more c~omplete understanding of the- plnomenon of ignition

by thermal radiation.

The purpose of this report is to bring togother and summarize present know-

ledge and available data (n the effect of moisture conttent on ignition by thermal

radiation.

Ignition Testing in the Laboratory

The Laboratory radiation source
4 

used by the California Forest and Range
Experiment Station and the Forest Products Laboratory consisted essentially

of a 12- by 12-inch graphite plate electrically heated within an insulated graph-

ite muffle to about 4, 200 F. (2, 600* K) (fig. 2) (13, 14). The hot plate was

raised from the muffle hydraulically, and its radiation was allowed to fall upon

a sample of a test material. The incident energy was variod by varying the

distance between spteimen and plate.

The test specimen (fig. 3) was usually about 12 by 12 inches in size. The cen-

tral portion of about 16 square inches received maximum irradiation. The

radiant exposure was measured by a calorimeter consisting of two blackeged

silver disks connected in series to a thermocouple-galvanometer circuit.-

Two small circular holes were cut in the c, nter of each specimen and through

these the two disks were inserted flush with the suriace of the test material.

The disks absorbed nearly all the radiant energy incident upon them, and their

increase in temperature was measured by thermocouple and oscillograph. The

temperature change was converted by calculation into calories per square cen-

tiinetei' incident on the disks and adjacent test specimen. The lower half of the

specimen was covered with a sheet of asbestos to keep it from burning and ob-

scuring the disks with smoke. Tbp secimen was mounted vertically in a wood

frame, which in turn was mounted on an angle-iron support that could be slid

back and forth un a horizontal track.

±Originally designed aijd built by the Engineering Department of the University

of California at Los Angeles.

.5The s'lver dif.k heat receivers were 1/2 inch in diameter and approximately

1/3 inch thick, thinly coated on the receiving face with a flat black paint of

96 percent absorptivity for radiaut heat. A fine chromel-alumel thermocouple

was attached to the back of the disk. To secure sufficient deflection of the

recording oscillograph, two disks were used in series.

-2-
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In" '' hort -pulse'' experiments (I1), the speimilen w.ts held rtvoi. IV ttiini,, eua It
exposure to the radiation. Thte hot pltef wo s ra isedf froii the niiifftc in 0. 4
set ond to a position in front of the spic,(inieni, where' it pausedl for atout 0. 4

second, then was moved up hehind a sc reen in 1'). 4 secumit As the pi-Ai e ov-d
up behind the screen, an opaque plat e dtroppedI in front of the spec iinen, abroptty
cutting off all radiation from the hot pt att- aind wa rio inufft e box. 'the shaple of
the short pulse is shown in figure 4. -It is r.'ighilv equivalent te, at Fqii-arv %%ve
of 0. 84 -second durat ion.

In ''long pulse"' exp-riinenfs (2), the test spec( int-ni vas unoved on a~ ti m k towAard
the hot plate , reaching the nea rest point at 3. 0t sit:~nds and was then withadrawn
the rate of movement bring controlled so thfat the rad Stat flux upor. the spec ime'n
approximated closely the shape of tile radiation pulse fromn a the rlnonm lear

source w;ith maximuni at 3.0 seconds. The shape of Vice i-secuiid pnise is

shown in figure 4.

Whether the test material charred, glowed, or flanitd during the enoosiire to

radiation was noted. The radiant energy integrated by the heat recevivers was
recorded in calories per square centimeter. If the spet jowinn was ignited by
the radialion, a new specimen of thyilA Iat it was expoised at a greatt& r dir -

tance from the hot plate. If the material was orly charred, a nevi specinlen

was exposed at a lesser distance. This was repeated until the critical ignition
energy was known to within :t 0. 5 calcorie per 9noare centimeter. The upper

limit attainable with the equipment was at~ it 25 calories per square centi-

meter, and few atternp~s were made t~o m& Acure critical ignitina , cmmIergies of
mare than 20 calories per square centimeter.

Humidification

All materials were conditioned to -- desired moiisture content.

Some of the mnaterials- reported upon here were tested by the Department of

Engineering, University of California at L~s Angeles (UCLA), where they
were dried to a low r-noisturc content in at oven at 125' F. for various lengths

of time, or conditioned to a higher moisture content irn a humidifying cabinet

in which air circulated over a pan of salt solution. Such humidification was

always followed by storage. i-a am alitigh'. c ontai'er to' ,ift,,.- the moisture

uniformly through the rnatexial. Ohrmateral reported upon were tested
at the Forest Productz Labaratory (Fr L), where the materials were. brought
to various moisture content levels by Irying them in an oven at 200* F. or

,avnditioning them in rooms maintained at 800 F. and at 30, 50, 65, 30, 90,
or 97 percent relative humidity.

.The forest fuels were tested at UCLA, the fabrics, papers, and cotton mnops

at Forest Products Laboratory, along with ponderosa pine needles with the

long pulse.3
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At both laboratories, a sample of material was taker, just before each exposure

.Ai. sealed in a glass weighing bottle. The moisture content of this sample was
dicrrmincd dzy.... it - -- " in an otaea

of the dry weight.

Ignition Testing in the Field.

Specimens of materials were exposed to thermal radiation from several nu-

clear torrib tests in southern Nevada, For e;aposure, the specimens were

mounted in wood box frames 24 by 24 inches square and about 3-1/2 inches

deep, covered wit) iicken wire of 2-inch mesh. The frames were held in

place by steel angle- iron stakes driven into the ground at an angle that would

orient the specimens toward ground zero and normal tc the direction of the

incident radiation from the fireball (fig. 5). Specimens wire set out in several

rows 1,000 feet apart to bracket the expected critical point between :gnition

and nonignition. The moisture content of the sp.ec irens was evtir ,ated from

the temperature and relative humidity prevailing at the time of each shot,

using appropriate equilibrium data.

Specimens were also exposed to thermal radiation from a nuclear weapon ex-
plosion at Bikini Atoll (F.). These sp -iiens were mounted in metal boxes,

some airtight and containing a desiccant that kept the moisture content of the

specimens low, others with provision for difiision of the humid ambient air

Co assure high moisture content in the specimens. The boxes were opened by

a s ignal a few seconds before the detonation so that the specimen faced the

expected point of burst (fig. 6). Air temperatures and humidities were re-

corded by hyg;rothermograph. Moisture content values were later determir,ed
n the laboratory for samples of the test materials in equilibrium with air at

the humidif-y and temperature conditions prevailing in the vicinity of the speci-

mens at Bikini at shot time.

Mairials Tested

The effect of moisture content on ignition by thermal radiation was studied

in the laboratory with the materials 3iven in table 1.

.-4-
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Table 1. -- Materials ignition-tested at various l,,els of mnoisture

c ontent

Material Thickness Sperific gravity

(ovendry)

: Cm. : Gr. _per t.c.

Newspaper, crumpled 0.013 0.41

Black cotton cloth .? .42

Blue broadcloth, 4-ounce 028 .39

Blue denim, 8-ounce .142 .22

Gray duck, 7-ounce .074 .42

G ay duck, 12-ounce .081 .48

Cotton string mops .153 .09
Ponderosa pine needles .038 .51

Desert Stipa U007 . 53

Sedge grass .017 .51
Cheat grass .003 . 37

Beechleaves .009 .39

Douglas-fir litter .030 to . 10 .32

Hardwood litter .01 to . 10 . 36
Sugar pine needles .029 , 54

Brown lichen .002 .65

Madrone leaves .028 .45

Punky wood

White fir (sapwood) :10

Douglas-fir .25
White fir (heartwood) .25

Black oak punk .10

Wheat straw .037 .35

Rhododendron leaves .025 .50
Redwood needles .046 . ,!

Black alpha-cellulose paper- .0099 to .077 .55

black aipha-cellulose paper2 0 0 t .o . :75

13. 9 to 30. 3 nile.

.2. 1 to 31. 5 mils.

-5-
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.est Results

Laboratory Tests with Short Piulse

The laboratory test resulto with the short pulse on some materials exposed

at more than one moisture con~ent are shown in figures ' and 8.

When the critical ignition energy (Qc) is plotted against the moisture content

M) of the maierial, a straight line -results,

Qc a + bM

in wihijh R a nd h rp ennstant fnr a prtircular material. Values uf a and b

for various materials tested by the short pulse are presented in table 2.

Table 2. -- Values of constants t and b in equation 0. = a + bM

for short pulse

Matt-rial a b
-----------------------------------. - ---------

Newspaper, crumpled 4. 1 0.063

Black cotton cloth, 3-ounce 3. 9 .03
Blue cotton broadcloth, 4-ounce 5.9 .07

Blue cotton denim 8. 3 . .36

Gra/ co tton duck, 7-ounc.; 8. 7 .32

Gray cotton duck, 12-ounce 11.4 . 56
Cotton string mops 7. 3 .45

Pond roea nine needles 52 " 54
Desert stipa 4.2 : 12

Sedge grass 5.0 : 10

Cheat grass 4.6 .10

Beech leaves 3.2 . 08

Douglas -fir litter 4. 5 : 10

Sugar pine needles 7. 2 4(!

Brown lichen 4.2 . 10

Madrone leaves 4.2 . 38
Punky logs 4.4 . 11

Wheat straw 5.8 . 14

Rhododendron leaves 5- 5 . 35

Redwood needles 4.7 . .33

Hardwood litter 3.0 : .08

-6-
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Laboratory Tests with Long Pulse

The t.aborat,'ry It . .r ,alt with tht !"-rgp:it' = p1--. t . ) n iwo mate-

rials that were at several levels of nin ttire otient theni expoI' dC arce shown in

figure 9. The Q c-M equations for the tejst results are:

lPonderosa pine needles c 14. 0 t 0. 23 M

Crumpled newspaper , 8. 0 -- 0. 08 M

Field T"sts

Sqome of' the mnterialg tux: di l~ hr t.-yxv~ fr ere~birp... ;

nuclear bomb radiation in the field. The data from the field tests ar" given in

table 3.

The critical ignition energies drawn from the data of table 3 for the black alpha-

cellulose paper are plotted against moisture content in figure 10. The e-M

equations for the black alpha-cellulo c paper vary with. the thickness of the paper

and its specific gravity as, follows:

Thickness Specifi Equation

(Mils) gravity

2 -,5a 3.2 + 0.05M
8 .55 at = 8. 2 + 0. 17M

20 .55 at = 15.6 + 0. 34M

2 75 Qc= 5.3 + 0.03M

8 75c = 13.8 + 0. IlM

20 .7!1 QC 26 2 + 0.25M

Conclusions

The following conclusions can be drawn from the references a:nd data nra;; r1

in this report:

I- The equilibrium moisture content (EMC) of a hygroscopic organic material,

such as wood, paper, cloth, or grasses, increases with the relative humidity

(RH), and the EMC-RI-I relation is characteristic for each material.

2. The greater the moistnrc cxitent (IA) the greater the minimum radiant energy

(Qc) required to ignite a material.
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3. The Q -M relation is linear.
C

4. The thinner the material, the less the effect moisture content has on the
critical igniion energy.

5. Total energy required for ignition is greater for a long polsje than for a
ohort pul se for a materiat at a given mnoisture content.

6. The effect of moisture content on the critical ignition energy of black alpha-

cellulose paper is less as the specific gravity of the paper increases.

Table 3. -- Ef'ets~ of thermial energy in field tests on combustible materials

AlL aixxerent moisture contents

'Test material Shot :Pulse-- Incident :Moisture Thermal effect

: max energy cont cot

*:Second:Cal/crr 
2  

Percent:

Crumpled newspaper :U/K-9 0. 170: 4. 3 : 3.0 -Burnied

.U/K-4 : 110: 4.0 : 3.5 :Burned

.U/K-4 :.110: 3.4 3. 5 :Slight char

.U/K-9 :.170: 3. 1 : 3.0 :Slight char

Ponderosa pinie needles :B/Easy :.185: 14. 5 : 6.4 :Burned

.T/5-4 : 145: 10.8 8.9 :Burned

:T/S-3 :.1810: 8.8 : 6.4 :Burned
:''F-1 145: 8.4 8.9 :C.arred

.U/l(-9 :.165: 7.7 : 5. 5 ,rnea
:T/S-3 :.180: 7. 3 : 6.4 .arre.,i
:U/K-9 :.165: 6.3 : 5.5 :Charred
.U/K-4 :.110: 5.4 6.0 :None

}'onderosa pixie needles :Redwing - 2.00 18.2 : B:urned
Cherokee: 2.00 :12.2 ::Slight char

Z.UU 1zi.1 :Charred

2.00 8.8 : None
2.00 :18.2 :Burned
2.00 12I.2 ::Slight char

* .2.00 :12.1 ::None
Z.00 :8.8 ::None

(page I of 8)
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Table 3. - -Effects of the riina eniergy in field tests nfm cniniis filh in0,-r ialIs

-it diffe rent moisture c'ontents (contm~iitl)

Test material Shont 1 ile:In( ideit -Moi store The rmal e fiec I

: :tn0 , energy content

* See nd: Cal/c in Per Ce nt

Douglas -fir litter :T/ S - 1 . 18 0: 6. 0) 7. 0 :Bi: rnvd

*.180- 5. 2 7. 0 CGharred

*.18 0: 5. 2 7. 0 *Cti.--A

*.18 0: 4. 0i 7. t0 :Bnriied

Desert stipa grass :1/Easy 18 5: S. 3 : 6. 4 :B1urned

:13/Dog ! 15?. i. 9 9. 4 :Burned

Sedge grass :B/Charlie: .122: 8. 5 19. 0 Exting. by blast

:1/Baker 0 066: 7. 3 :12. 8 :Exting. by blast

:B/Dog :.152: 7. 1 : 9. 5 Extiuig. by blast

B/Easy :.18 5: 6.2 6. 5 :Burned

:B/Charlie . 122: 5.2 :19. 0 : None

:1/Baker 0 .66: 4.8 :12.8 :Slight char

:B/Easv I H 5: 4. 5 : 6. 5 :Nocne

B17/Dog : 152: 4.0 : 9. 5 :None

Cbeat grass :T/S-4 I . 145: 6.6 9. 0 :Burned

:T/S-4 :.14 5: 5. 3 : 9. 0 :Charred

;T/S-3 :.180: .4.6 : 7. 0 :Burned

:T/S-4 :.145: 3. 6 : 9.0 :None

:T/S-3 :.180: 3. 5 : 7.0 :None

Beech leaves :T/S-4 :.145: 5. 3 :13. 9 :Burned

:T/S-3 : 180: 4.6 :11.4 :Charred

:T/S-4 : 145: 4.3 :13.9 :Charred

:T/S-3 : 180: 3. 5 :11.4 :Burned

Brown lichen :T/S-4 :.145: 5. 3 : 8. 9 :Burned

:T/S-3 :.180: 5.2 : 6.7 :Fxting. by blast

:T/S-3 180iS: 4.6 : 6.7 :Charred

:T/S-4 :.145: 4.A 8. 9 :Charred

(page 2 of 8)

-9-
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Table 3. -- Effects of thermal energy in field tests on combustible materials

at different moisture contents (continued)

Test material Shot :Pulse-: Incident MoIsture: Thermal effect

: t max: energy content :
--- ----- ---- ---- ---- ------- ---. -- --- -. . : - ------- - . . . . .-- - - - ------- ---- --- --- -

:Second:Cal/ctn
2  

Percent

Madrone leaves :B/Easy .185: 14. 5 : 11. 0 :Burned

:T/S-4 : 145: 10.8 : 13.8 :Burned
:B/Easy .185: 10.0 : 11.0 :Burned

:T/S-3 : 180: 8.8 11.5 :Charred

:T/S-4 : 145: 8.4 13.8 :Charred

:T/S-3 : 180: 1. 3 : 11. 5 :Burned

:T/S-4 : 145: 6.6 : 13.8 :Burned

:T/S-3 : 180: 6.0 : 11.5 :Chai'red

:T/S-4 : 145: 5. 3 : 13.8 :None

:T/S-3 : 180: 5.Z : 11.5 :Charred

:T/S-3 : 180: 4.6 : 11.5 :None

Wheat straw :T/S-3 : 180: 8.8 : 6.9 :Charred

:T/3-4 : 145: 3.4 : 8.8 :Exting. by blast
:T/S-3 : 180: 7. 3 : 6. 9 :Charred

:B/Easy : 185: 6. 2 : 6.4 :Burned
:T/S-3 1 180G - 6.0 6.9 :Charred

:T/S-4 : 145: 5.3 : 8.8 :Charred

:T/S-3 : 180: 5.2 : 6.9 :None

Rhododendron leaves :T/S-4 : 145: Z1.I : 13.8 :Exting. by blast

:T/S-3 : 180: II.0 : 11.5 :Exting. by blast

:T/S-3 : 180: 8.8 : 11.5 :Charred

:T/S-4 : 145: 8.4 : 13.8 :Charred

Blue cotton denim :Redwing-: 2.00 : 18.2 : :Ghirred

:Cherokee: 2.00 : 12.2 : :Si. char

2.00 : 12.1 : :None

2.00 : 8.8 : :None

2.00 : 18.2 : :Charred

2.00 : 12.2 : :None

2.00 : 12.1 : :None

2.00 : 8.8 : :None

(page 3 of 8)
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Table 3. - -Efffts oi thermal energy in field I m, O on monbust Io, oater i;t

at dif'erent rmoistur,, tontents (continued)

Test roaterial Shot :Pulsie: Incident Moist jr' Thermnl effect

I cnr) content

SSe ( 'nd:Cal h in' Percent

Newspaper Redwing- 2. 00: 12. 1 :BPrned

Cherokee: 2. O0 : .8 :SI. t har
: 2.00 8. 1 :S1. char
: 2. 00 : 0.7 :None

2.00 : 5.9 :S1. char
: 2.00 : 18.? :Very charred

Z ,00 : 12. Z :Charred
* 2.00 12.1 :SI. thar

: 2.00 : 8.8 : ;l. (har
2. 00 H . I :None

Corrugated fiberboard :Redwing-: 2.00 12. 1 :Charred

Cherokee: 2.00 5.9 :None
* 2.00 8.8 :None

: :2.00: 8. 1 :None

Fcc . graa .. . .. do. .: 2.00 : 12. 1 c , a,,-r

* 2.00 : 8.8 :None
: 2.00: 8. 1 :1None

* 2.00 : 12.1 : :S1. char
* 2.00 8.8 :None
: 2.00 : 8. 1 :None

Black paper 3.9 mil ... do... 2.00 : 18.2 1.6 :Burned
d = 0.55 . 2.00 : 12,1 : 1.6 :Burned

: 2.00 : 8.8 : 1.6 :Burned

: 2.00 : 6. 7 : 1.6 :Burned

: 2.00 : 18.2 :23. 1-24.3:furned

: Z.00 : 12. 1 :23.1-24.3:Burned

: 2.00 : 8.8 :23.1-24.3:Burned

2.00: G.7 :23.1-24.3:Burned

(page 4 of 8)
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Table 3. -- Effects of thermal eLtn&ryj il.ld Itsts o: combustibhl matei 'als

at different moisture contents ((ontinuied)

* : l

'I'v it n Iate .I S h. ... "., . M o istu re : T h e r mr a l e ffe c t

; t energy content :

: Svcozid:Cai/c in PerCt e:t

Black paper 5.9 rmil Redwing-: 2. 00 : 18. 1. 6 :Burnd

d 0. 55 Cherokee: 2.00 : 12, 1 : 1.6 :Bturnud

2.00 : 8. 8 : . 6 :Burned

2.00 6 7 1. 6 :Bur,

* 2.00 18.2 :23.1 -24. 3: Burned

: 2.00 12. 1 :23.1-24. 3:Burned
2.00 F.8 :23.1 -24.3:Burned

2.00 (,7 :23.1-2,1, 3:Burned

Blark p;,per . 0 tril .... do...: 2.00 13.2 1.6 :Xurned

d = 0.55 : 2.00 12. 1 : 1.6 :Burned

, : .00 8.8 1.6 :Burned
2.00 6.7 : 1,6 :Charred

: 2.00 18.2 :23.1-24. 3:Burned

2,00 12] :23.1-24.3:Burned
2.00 8.8 -21-1-24. 3:Very charrcd

2.00 6.7 :23.1-24. 3:Very charred

Black par.er 9. 7 mil ... do. .. : 2.00 18.2 : 1.6 :Burned

d - 0.55 : • 2.00 12.1 1.6 :Burned

Z • ,.00 8.8 1.6 :Burned

* : 2.00 6.7 : 1.6 :Very charred

2.00 18.- :23.1-24. 3:Burned

2.00 12.1 :23.,-4. 3:Very charred

2.00 8.8 :23.1-24.3:Charred
2.00 6.7 :23.1-24. 3:Charred

Black paper 11.6 mil : ... do...: 2.00 18.2 : 1.6 :Burned
. 0 .,,r -2.00 1: I , I U 1. Bu rimt!

2.00 : 8.8 : 1.6 :Slight char

2.00 6.7 : 1.6 :None

2.00 : 18.2 :23.1-24.3:Burned

2.00 : 12.1 :23.1-24. 3:Very charred

.,00 : 8.8 :23.1-24.3:None
2,00 : 6.7 :23.1-24.3:None

-12- (page 5 of 8)
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Table 3. - -Fffect f th, rma I energy in field te s s on conbustihi e ait erials

at different mioisturv (ontents (continued)

Test material Shot :IPl se : Inc ident Moi urve: Thermal effect
* : t : energy content :

* :Sem l' J :,al /c n Pert ent

Black paper 20.2 mil :Redwing- 2.00 18.2 1. 6 :Burned
d - 0.55 :Cherokee: 2.00 12. 1 1. 6 :Charred

S7. 0o 8,8 1.6 :None

: : 2.00 6.7 1.6 :None

: 2.00 : 18.2 :23.1 -24. 3.'r... charred
: : 2.00 12. 1 :Z3.I-24. 3:Charred

2.00 : 8,8 :23.1-24.3:None

: 2.00 : 6.7 :23.1-24. 3:None

Black paper 30. 3 mil : ... do...: 2.00 : 18.2 1.6 :Burned
d = 0.55 : 2.00 : 1).. 1 : 1.6 :Charred

: 2.00 : 8.8 : 1.6 :None

2.00 : 6.7 : 1.6 :Non
: 2.00 : 18.2 :23.1 -24. -:Charred

2.00 : 12. 1 :23.1-24.3:Slight char

2.00 : 8.8 :23.1-24. 3:None

: 2.00 : 6.7 :23.1-24. 3:None

Black paper 2. 1 mil :.... do...: 2.00 : 18.2 : 1.6 :Burned

d = 0.75 : • 2.00 : 12.1 : 1.6 :Burned
2.00 : 8.8 : 1.6 :Burned

2.00 : 6.7 : 1.6 :Burned

2.00 : 18.2 :23.1-24.3:Burned

2.00 : 12.1 :23.1-24. 3:Burned
: : 2.00 : 8.8 :23.1-24.3:Burr.ed

2.00 : 6.7 :23.1-24.3:Birned

Biack paper 4. 1 i ... do...: 2. 18.2 . 6 .. .. ...
d = 0.75 : : 2.00 : 12.1 : 1.6 :Burned

2.00 : 8.8 : 1.6 :Burned

2.00 : 6.7 : 1.6 :Charred

2.00 : 18.2 :23.1-24.3:Burned

2.00 : 12.1 :23.1-24. 3:Burned
* : 2.00 : 8.8 :23.1-24.3:Charred

2.00 : 6.7 :23.1-24. 3:Very charred

-13- (page 6 of 8)
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Table 3. -- Effects of thermal energy in deld tests on combustible materials

at different moisture uunt (cnt inued)

TeHt materia : Shot :tuls--: Incident Moisture: Thermal effect

: t : energy : content :m~ax

2 ,
: :Second:Cal/cm : Pe:-cent

Black paper 6. 1 mil :Redwing-: 2.00 : 18.2 1. 6 -Burned

d = 0.75 Cherokee: 2.00 12.1 : 1.6 :Bvrned
* 2.00 : 8.8 1.6 :Very charred

' 2.00 : 6.7 1.6 :None

' 2.00 18.2 :23.1-24.3:Burned

2.00 12. 1 :23.1-24. 3:Burned

: 2.00 : 8.8 :23.1-24. 3:Charred

: 2.00 : 6.7 :23.1 -24. 3:Charred

Black paper 8.3 mil :.... do. .: 2.00 : 18.2 : 1.6 :Burned

d , 0.75 : 2.00 : 12.1 : 1.6 :Burned

2.00 : 8., : 1.6 :Very charred
2.00 6.7 : 1.6 :None

.: 2.0 : . :23.1-24.3:Burned

2.00 : 12.1 :23.1-24. 3:Very charred

:2.00 : 8. .. 1,--4. 3.llight char
2.00 : 6.7 :23.1-24. 3,None

Black paper 10. 1 mil .... do...: 2.00 : 18.2 : 1.6 :Burned

d = 0.75 : 2.00 : 12.1 : 1.6 :Very charred
2.00 : 8,8 : 1.6 :Charred

2.00 6.7 : 1.6 :None

2.00 : 18.2 :23.1-24. 3:Burned

2.00 : 12.1 :23.1-24.3:Charred

2.00 : g.8 :23.1-24 3:None

2.00 : 6.7 -23.1-24.3:None

Black paper 12.3 mil :.... dc.,.: 2.00 : 18.2 : 1.6 :Very charred
d -n - .-, ' '6 :cI charred

d0.'5 : 20:12.1 1.6 :V

2.00 : 8.8 : 1.6 :Slight char

: : 2.00 6.7 : 1.6 :None

2.00 : 18.2 :23.1-24. 3:Very charred

2.00 : 1?.1 '23.1-24.3:Slight char

2.00 : 8.8 :23.1-24. 3:Nonp

2.00 : 6.7 :23.1-24. 3:None

,page 7 of 8)
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Table 3. -- Effects of thermal energy in field te,,
t
s on combustibi. materials

;.t different rnoisture contents (continued)

Test material Shot -Pulse
1

: Incident Moisture: Thermal effect

:- :.nax : energy content :

: :Second:Cal/cm Percent

Black paper 20.3 ril :Redwing-: Z.00 : 18.2 t 1.6 :Charred

d z 0.75 :Cherokee: 2.00 : 12.1 : 1. :Charred
: : 2.00 : 18.2 :23.1-24.3:Charred

* : 2.00 : 12.1 :23.1-24.3:None
: : 2.00 : 8.8 :23.1 -Z4. 3:None

Black paper 31.5 mil :.... do..,: 2.00 : 18.2 :23.1-Z4.3:Charred
d = 0.75 . : 2.00 : 12. 1 :Z3.1-Z4. 3:None

.-Calculated from weapon yield.

(page 8 of 8)
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Figure 2. -- Heated graphite source plate, and muffle
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Figure 3, - -Typical test apecimen charred by radiation fromi hot
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Figure 5. -- A row of frames holding conbuatsbie teat specimens
faced towards air zero at a field test in Nevada.
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Figure 6.- --(Above) Sp-cirren-extposure boxes at bikini teat, readiy
for operdag immediately before detonz-tiOA-

(Below) Exposure box opened to show the manner in
which the teat specimens were mounted.
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